INTRODUCTION
============

CNT composites have important role in different fields of nanotechnology, their optical, electrical, thermal and mechanical properties have been widely found to be promising in many applications \[[@R1],[@R2]\]. There are numerous approaches to use CNTs properties to synthesize new nanodevices ranging from various CNT-metals composites, CNT-ceramics composites and CNT-polymers composites using different techniques. In this study, we intended to improve, SiNWs electrical performance by treating them with CNT coated composites \[[@R2],[@R3]\] because silica coated CNTs have been proved to be super-dielectric with a very large low-frequency dielectric coefficient and low dielectric loss. In order to improve the sensitivity of bio-molecule detection, the outer surface of the oxide layer of silicon nanowires (SiNWs) is generally equipped with a functional bio-interface consisting of receptor molecules \[[@R4]-[@R6]\]. This bio-interface plays a key role in the detection of target bio-molecules. The working principle is as follows: When a target molecule comes in close contact with the receptor, there appear non-negligible partial charges in the combination of receptor and target molecules. This modulates the surface charge profile of the functional layer. Modification in the surface charge, in turn, affects distribution of electrostatic potential throughout the nanowire \[[@R7]-[@R9]\]. This change in electrostatic potential affects the conductance of the nanowire which can be detected as fluctuations in current when a voltage is applied at the appropriate terminals of the silicon nanowire \[[@R2],[@R10]-[@R12]\]. However, due to the high resistance of nanowire, it behaves almost like an insulator which makes it less sensitive. To overcome this problem, surface engineering is required, and for the purpose of surface engineering to improve electrical properties, CNT is the best candidate. Thus, there are numerous literatures which discussed that when silicon nanowire is coated with CNT, its properties such as strength, electrical conductivity, and optical properties can be improved and enhanced to serve as stable detection platform \[[@R16]-[@R20]\].

A number of researchers have worked on this and as a result, a reasonable number of research articles on the topic appear in the literature. Among them, \[[@R1],[@R2]\] considered a formation of CNT on functionalized graphene film grown by chemical vapor deposition \[[@R1]-[@R3],[@R14]\]. They introduced an active terminal group containing SAM onto CVD graphene film which could be useful to uniformly bind CNTs onto the film surface and to encourage the fabrication of other nanomaterials. On the other hand, they coated silica molecules with multi-wall carbon nanotubes (MWCNTs) using a sol-gel method and found out that MWCNTs coated uniformly with silica molecules, act as the template to synthesize silica-NTs \[[@R18],[@R19]\]. Among others, different methods such as liquid phase deposition and plasma- enhanced chemical vapor deposition with various catalytic recipes such as nickel, C~60~etc. have been successfully used \[[@R1]-[@R4],[@R14]\]. In spite of these efforts, a simple, cheap and commercially deployable solution is yet to be achieved.

MATERIALS AND METHOD
====================

The work starts with the preparation of networks of four nanowires formed using photolithography coupled with oxidation based trimming process, followed by conventional impregnation method applied to prepare the catalysts because the type of the catalyst is important for the growth and morphology of the CNTs. Cobalt, iron, titanium, nickel, copper, zeolites, C~60~and combinations of these metals and/or their oxides are widely used catalyst materials. In this study, metal catalyst of Fe was impregnated in MgO substrate. Iron nitrate (Fe(NO~3~)~3~.9H~2~O) was separately mixed with magnesium (MgO) substrate in ethanol solution by ultrasonic mixer with Fe and MgO mole ratio set at 0.15:9.85 and 0.45:9.55 according to the procedure of (Liu *et al*., 2011) \[[@R15]\]. The amount of nitrate in the solution of nitrate, MgO and ethanol was calculated according to the molecular ratios of metals in the compound. The solution of Fe(NO~3~)~3~.9H~2~O, MgO and ethanol was mixed for 60 minutes in "Bandelin Sonopuls" ultrasonic mixer and was then kept in oven at 90°C for 24 hours. The dried catalyst-substrate mixture was then ground to avoid any agglomeration that may affect the interaction between acetylene gas and the surface of mixture. The stainless steel reactor was then mounted in an electrical furnace and heated in N~2~ flow (99.999% purity, supplied by SittTatt Industrial Gases Sdn. Bhd.) with a flow rate of 40ml/min. Then, high purity methane (99.999% purity, supplied by Malaysian Oxygen Bhd.) mixed with nitrogen with 1:1 (v/v) was passed through the quartz tube once the temperature was stable. The reaction lasted for 30 min, after that the furnace was switched off and the nitrogen was kept flow at 40ml/min until temperature was 100°C. The CNTs in black powder form were finally collected from the quartz reactor for characterization. The characterization of CNT production generally requires the presence of a metal catalyst. The selection of a proper metallic catalyst and process temperature may affect the morphology amount of the synthesized product or the diameter distribution, in this study the effects of temperature and ratio of different catalysts (iron three) to the substrate (magnesium-oxide) on production of CNTS in decomposition of methane were identified using different characterization techniques. The structures of formed CNTs were investigated by field emission scanning electron microscopy (FESEM), AFM, UV/Vis and FTIR.

RESULTS AND DISCUSSIONS
=======================

Prior to the coating process of the CNT, the nanowire was fabricated using standard CMOS photolithography, the AFM image can be seen from Fig. (**[1a](#F1){ref-type="fig"}**) and the CNT coated device is shown in Fig. (**[1b](#F1){ref-type="fig"}**). From Fig. (**[2](#F2){ref-type="fig"}**), we can see that radial breathing mode (RBM) corresponds to both radial and lateral presence of the carbon nanotube and its frequency ν~RBM~ (in cm^−1^) is shifted and depends on the carbon nanotube diameter *d* as, ν~RBM~= G/*d* + G' (where G and G' are variables dependent on the environment in which the nanotube is present and planar vibrations. For silicon nanowire approximately in range of 10nm, radial breathing mode frequency ν~RBM~ can be estimated as ν~RBM~ = 234/*d* + 10 for SWNT which is very useful in understanding the CNT diameter from the RBM position.

From Fig. (**[2a](#F2){ref-type="fig"}**), it can be seen that typical RBM range is 100--450 cm^−1^and RBM intensity is weak and a bit strong intensity at RBM +G second overtone can be observed at double Raman shift. In Fig. (**[2b](#F2){ref-type="fig"}**), the Raman spectra of three strong peaks in the spectrum for binding energy indicating silicon, CNTs, and oxide are presented where there curves are indicated as a, b, and c, which are showing silicon CNTs at three different intensities with corresponding binding energies. The peaks at ≈500 and 650eV are assigned to the induced phonon and G-line tangential modes in silicon respectively. A photon with a wavelength of ≈500 nm would have an energy of approximately 1-1.33 eV. Similarly, a photon with wavelength \>650 and \<700 would have an energy of approximately 4-5.1 eV. In turn this electro volt corresponds to band gap of silicon and carbon allotrope such as diamond and approximately close graphene.

The FESEM monograph image shown in Fig. (**[3a](#F3){ref-type="fig"}**) clearly indicates that CNTs are present with a wall thickness ranging between 15 to 30nm. From the FESEM monograph image shown in Fig. (**[3b](#F3){ref-type="fig"}**) revealing the result of the etched CNT on the silicon nanowire, it is clearly confirmed that CNTs have covered the whole nanowire dimension to form silicon-CNTs composite wire with a diameter of silicon-CNTs ranging between 15 to 50 nm.

Fig. (**[4](#F4){ref-type="fig"}**). shows the observed intensity spectrum of Raman shift spectra of the three products of elements present oxide, silicon and silicon-CNTs composite. The saturated normalized spectral intensity of intermediate SiO~2~has a clear peak at around 869cm^-1^. The intensity of the silicon has decreased at most of the spectral region because the intermediate oxide vicinal surface suppressed due to the abrupt compositional transition. However, the target product, which is the silicon-CNTs composite has shown a very high intensity in the entire spectrum, compared with silicon oxide and silicon. It is quite clear that the optical properties of Silicon-CNTs have brought new phases of material. The results observed from UV/Vis/NIR spectra of the deposited samples indicate that silicon-CNTs dominated device active area, raman spectra of the deposited samples of silicon-CNTs are shown in Fig. (**[2](#F2){ref-type="fig"}**). For silicon the strong intensity corresponds to 550 (eV) binding energy corresponding to Si-O-Si compositional transition due to symmetric stretching vibration. However, in Fig. (**[4](#F4){ref-type="fig"}**), two peaks observed at 869 and 2194 cm^-1^ are attributed to Si-O-Si asymmetric stretching vibration and Si-O shear stretching \[[@R1]-[@R3]\]. The Silicon-CNT stretching vibration is observed at 3686 cm^-1^. On the other hand, in Fig. (**[3b](#F3){ref-type="fig"}**) two peaks with binding energy at 550 and 750 (eV) are observed, which are attributed to the shear stretching and binding energy due to compositional transition of oxide vicinal face for Si-O-Si respectively.

In Fig. (**[5](#F5){ref-type="fig"}**), Keithley 4200 Semiconductor Parameter Analyzer (SPA) method is used to monitor the variation of the resistance of silicon nanowire over 10V. The conductance is characterized by observing current-voltage (I-V) curve which is obtained in the voltage ranging from 1V to 10V. During the measurement set-up, a typical resistor setting is employed on to the two terminal NW devices by supplying voltages to the source (S) region and the output current at the drain (D) region is obtained as shown in Fig. (**[5b](#F5){ref-type="fig"}**). For this experiment, devices with different widths (W) of wires approximately (W = 15nm, 29.2nm, 40.6nm, 60.0nm, 80.1nm, 100.6nm, and 220.3nm,) are characterized. CNTs modified silicon nanowire has a drastically reduced band gap which is confirmed by its optical spectra as shown in Fig. (**[4](#F4){ref-type="fig"}**). Since high intensity of a photon is absorbed by an atom exciting and conductivity depends on both carrier concentration and mobility \[[@R13]\], there are a variety of possible dependencies for conductivity on band gap as can be seen in Fig. (**[5a](#F5){ref-type="fig"}**).

CONCLUSIONS
===========

The study demonstrated the development of a simple yet cost effective method of silicon-CNT composite nanowire formation *via* Iron-oxide Catalyze synthesis. The silicon-CNT composites were produced. The results of UV/Vis/NIR and FT-IR spectroscopes clearly confirm the presence of the silicon-CNTs hybrid structure. The FESEM monograph images also indicate that silicon-CNT is coated and trimmed *via* Ar- O~2~ plasmas shallow anisotropic etching. Both UV/Vis/NIR, FT-IR spectra and FESEM images confirm that silicon-CNT structure exists with diameters ranging between 15-230nm.
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![(a) The AFM images of the 5nm Si nanowires before coating process, while (b) The AFM images 7nm Si-CNT after coating process](CNANO-10-695_F1){#F1}

![(a) Raman spectrum of single-wall carbon nanotubes present on the surface of the silicon nanowire and (b) showing the Raman spectra of three strong peaks in the spectrum of Silicon, CNT and Oxide.](CNANO-10-695_F2){#F2}

![The FESEM monograph image (**a**) CNT coated device prior etching and (**b**) After Ar and O~2~ plasma etching.](CNANO-10-695_F3){#F3}

![The Raman shift of the three elements phases including oxide phase, silicon phase and silica-CNTs phase.](CNANO-10-695_F4){#F4}

![(a) Current-voltage (I-V) (b) Network of 4 wire with gold electrode.](CNANO-10-695_F5){#F5}
